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International application No. 


INTERNATIONAL PRELIMINARY EXAMINATION REPORT 








PCT/SE00/01376 


I. Basis of the report 


1. With regard to the elements of the international application:* 






the international application as originally filed 




1 — 1 


the description: 
pages 


. as originally filed 




pages 


, filed with the demand 




pages , filed with the letter of 


□ 


the claims: 






pages 


, as originally filed 




pages , as amended (together with any statement) under article 1 9 




pages 


, filed with the demand 




pages , filed with the letter of 


□ 


the drawings: 






pages 


, as originally filed j 




pages 


, filed with the demand 


□ 


pages , filed with the letter of 


the sequence listing part of the description: 
pages 


, as originally filed 




pages 


, filed with the demand 




pages , filed with the letter of 


2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 


the international application was filed, unless otherwise indicated under this item. 




These elements were available or furnished to this Authority in the following languag 


e English which is: 


□ 


the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
the language of publication of the international application (under Rule 48.3(b)). 


□ 


the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3Y 


3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 


preliminary examination was carried out on the basis of the sequence listing: 




1 □ 


contained in the international application in written form. 




□ 


filed together with the international application in computer readable form. 




□ 


furnished subsequently to this Authority in written form. 




□ 


fiirnished subsequently to this Authority in computer readable form. 




□ 


The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 


international aooli cation as filed has been furnished 




□ 


The statement that the information recorded in computer readable form is identical to the written sequence listing has 


been furnished 






The amendments have resulted in the cancellation of: 

1 1 the description, pages 

QJ the claims, Nos. 

[_ j the drawings, sheet/fig 




3-D 


This report has been established as if (some of) the amendments had not been made, since they have been considered to go 


beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 


* Replacement sheets which have been fiirnished to the receiving Office in response to an invitation under Article 14 are referred to 


in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. 16 


and 70. 17). 




* * Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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V. Reasoned statement under Article 35(2) witn regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 1-13 YES 

Claims NO 

Inventive step (IS) Claims 1-13 YES 

Claims NO 

Industrial applicability (IA) Claims 1-13 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 
Prior art: 

Prior art, cited in the search report, consists of the 
following documents : 

(Dl) US 5 561 611, A 
(D2) US 5 696 850, A 

(D3) "Digital Image Processing" , R.F. Gonzales. R.E. Woods, 
Addison-Wesley Publishing Company Inc. 1992, ISBN 0-201-60078- 
1, pages 189-201 

Dl and D2 describe signal restoration methods and image- 
sharpening methods for noisy signal obtained from optical 
imaging system e.g. microscopes. However, the methods in Dl 
and D2 are more complicated and needs more processing then the 
claimed invention. Therefore, Dl and D2 merely defines state 
of the art. 

D3 describes some basics about spatial filtering of image 
data. However, it does not describe the claimed invention, it 
merely define state of the art. 

Statement of reasons 

None of documents D1-D3, nor any combination of them, describe 
such a microscope, as claimed in claims 1-12, or such a 
method, as claimed in claim 13. There is also no teaching in 
the cited art leading a skilled person to this microscope or 
this method. Therefore, the claimed invention is novel and 
involves an inventive step. 

Accordingly, claims 1-13 are novel (N) and fulfil the 
requirements of inventive step (IS) and industrial 
applicability (IA) . 
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State (thai is, country) of nationality: 
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State (that is, country) of residence: 
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This person is applicant 
for the purposes of: 



□ all designated 
States 



all designated States except 
the United States of America 



□ the United States i — 1 
of America only I — I 



the States indicated in 
the Supplemental Box 
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FURTHER APPLICANT(S) AND/OR /FURTHER INVENTOR(S) 
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must include postal code and name of country. The country' of the address indicated in this Box is the applicant 's State (that 
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HEYDEN, Anders 
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This person is: 

j j applicant only 

applicant and inventor 
i — 1 inventor only (if this check-box 

1 1 is marked, do not Jill in below.) 


State (that is, country) of nationality: Sweden 


State (that is, country) of residence: Sweden 



This person is applicant 
for the purposes of: 
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States 
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the United States of America 



the United States 
of America only 
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the Supplemental Box 
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agent 



[ | common representative 
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AWAPATENT AB 
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+46 40 98 51 00 
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+46 40 26 05 16 



Teleprinter No. 
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AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, M\V Malawi, SD Sudan, SL Sierra Leone, SZ Swaziland, TZ United 
Republic of Tanzania, UG Uganda, Z\V Zimbabwe, and any other State which is a Contracting State of the Harare Protocol and of the PCT 
^ EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan. MD Republic of Moldovia. RU Russian 
— * Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent Convention and of the 
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~~ ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, MC Monaco, NL Netherlands. 
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OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote dM voire, CM Cameroon. GA Gabon, 

GN Guinea, G\V Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any other State which is a 
member State of OAPI and a Contracting State of the PCT (if other kind of protection or treatment desired, specify on dotted line) 
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United States of America 
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Republic of Korea 
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Check-boxes reserved for designating States which have become party to the 
PCT after issuance of this sheet: 



El 
El 



DZ Algeria 



£3 MZ Mozambique 



AG Antigua and Barbuda ^ BZ Belize 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other designations 
which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded from the scope of this statement. 
The applicant declares that those additional designations are subject to confirmation and that any designation which is not confirmed before the expiration 
of 15 months from the priority date is to be regarded as withdrawn by the applicant at the expiration of that time limit. (Confirmation (including fees) must 
reach the receiving Office within the 1 5 -month time limit.) 
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PRIORITY CLAIM 



Filing date 
of earlier application 
(day/month/year) 



item (1) 

9 July 19 9 9 
(09.07.99) 



item (2) 

24 August 1999 
(24.08.99) 



item (3) 



S heet No. 3 

PI Further priority claims are indicated in the Supplement Box. 



Number 
of earlier application 



9902641-1 



60/150 440 



national application: 
country 



Where earlier application is 



SWEDEN 



USA 



regional application:* 
regional Office 



international application: 
receiving Office 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of 
the earlier application(s) (only if the earlier application was filed with the Office which for the purposes 
of the present international application is the receiving Office) identified above as item(s): 1 
* Where the earlier application is an ARJPO application, it is mandatory to indicate in the Supplemental Box at least one country' party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed (Rule 4.10(b)(ii)). See Supplemental Box. 



Box No. VII 



INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 

{If two or more International Authorities are competent to 
carry out the international search, indicate the Authority 
chosen; the two- letter code may be used): 

ISA/ se 



Request to use results of earlier search; reference to that search 

(if an earlier search has been carried out by or requested from the International Searching 
Authority): 

Date (day/month/year) ^_ ^. Number 0 „ Country (or regional Office) 

9 July 1999 A \9 9 0S^ 41 -3 Sweden 



Box No. VIII 



CHECK LIST; LANGUAGE OF FILING 



This international application contains the following 
number of sheets: 

request : 

description (excluding sequence listing part) : 

claims : 

abstract : 

drawings : 

sequence listing part of description : 



3 V 
9 t 
3 

1 i/l 
3 ✓ 



Total number of sheets 



191 



Figure of the drawings which 
should accompany the abstract: 



This international application is accompanied by the item(s) marked below: 

1 . ^ fee calculation sheet 

2. ^ separate signed power of attorney 

3. O copy of general power of attorney; reference No., if any: 

4. Q statement explaining lack of signature 

5. n priority document(s) identified in Box No. VI as item(s): 

6. translation of international applications into (language): English ^ 

7. n separate indications concerning deposited microorganism or other biological material 

8. O nucleotide and/or amino acid sequence listning in computer readable form 

9. ^ other (specify): Sub authorisation, Copy of ITS-report 



Language of filing of the 

international application: 



Swedish 



Box No. IX 



SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the 
request). 

28- 



^t^ne^2^fJ0 




Cecilia Perklev 
Authorised Agent 



For receiving Office use only 



1. 


Date of actual receipt of the O riC 

Purported international application: ™ H liu"" 2000 




3. 


Corrected date of actual receipt due to later but 

Timely received papers or drawings completing the purported international application: 




4. 


Date of timely receipt of the required 
Corrections under PCT Article 1 1(2): 






5. 


International Searching Authority C 
(if two or more are competent): ISA/ ^ & 


6 □ 


Transmittal of search copy 
delayed until search fee is paid. 



2. Drawings: 



received: 
I 1 not received: 



For International Bureau use only 



Date of receipt of the record copy by the 
International Bureau: 



0 3 AU^--; 



i 0 9. 08. 00 ) 
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MI KROSKOP- FILTER FOR AUTOMAT I S K KONTRASTSKARPNING 

Tekniskt omrade 

Foreliggande ansokan avser ett mikroskop med ett 
bildbehandlingssystem och ett forfarande for ett sadant . 
Teknikens standpunkt 
5 Mikroskop ar ofta forsedda med en kamera for 

registrering av digitala bilder. Den digitala bilden kan 
sedan behandlas pa ett antal olika satt . Exempelvis stu- 
deras biologiska preparat med mikroskop forsedda med 
bildbehandlingssystem. Bildbehandlingssystemet kan da 

10 anvandas for igenkanning av en viss sorts organismer 
eller celler for att automatiskt kunna bestamma fore- 
komsten av organismen eller cellen i provet . 

Emellertid ar det ibland svart att erhalla en till- 
rackligt skarp bild for att enkelt kunna utfora en auto- 

15 matisk igenkanning och bestamning av ett speciellt slags 
organismer. Detta galler speciellt for sma organismer 
eller celler. 

For att enklare kunna utfora automatisk igenkanning 
ar det mojligt att anvanda digitala filter for att for- 

20 battra kontrasten i bilden och darigenom gora det lattare 
for bildbehandlingssystemet att automatiskt kanna igen 
cellerna eller organismerna . 

En standardmetod for att forbattra kontrasten i en 
bild ar den sa kallade High-Boostmetoden, varvid bilden 

25 mult ipliceras med en faktor varefter en lagpassf iltrerad 
bild subtraheras fran resultatet av mult iplikat ionen . 

I det amerikanska patentet 5,696,850 beskrivs ett 
forfarande och ett system som anvander en algoritm for 
att oka skarpan i reproducerade bilder, varvid systemet 

30 har en digital kamera och en reproduktionsanordning . 

Enligt forfarandet bestams kamerans och reproduktions- 
anordningens overf oringsf unkt ioner genom att man mater 
dem noggrant . Matningen kraver dock avancerad och dyr 
apparatur och gors i en ledd at gangen eftersom det ar 



PCT/SE00/01376 
2000-06-29 



2 

besvarligt att gora en tvadimensionell matning av over- 
f oringsf unktionen. Dessutom maste matningen av den 
optiska overf oringsf unktionen goras var j e gang nagot har 
forandrats i det optiska systemet . Darefter anvands den 
5 inversa Fourier- transformen av de bada kombinerade over- 
f oringsf unktionerna for att berakna ett en-dimensionell t 
filter. Filtret anvands for att filtrera en registrerad 
bild genom att forst applicera filtret i en ledd och 
darefter i en ledd som ar vinkelrat mot den forsta. 

10 Emellertid erhalls inte tillrackligt bra resultat 

med de kanda teknikerna. Det ar inte heller mojligt att 
mata overf oringsf unktionen for ett mikroskop lika noga 
som for en kamera. 

Ett annat problem med forfarandet och anordningen 

15 enligt det amerikanska patentet ar att bruset vid hoga 
frekvenser kommer att forstarkas okontrollerat om over- 
f oringsf unktionens varde ar litet for hoga frekvenser. 
Dessutom erhaller man inte ett fullgott resultat med tva 
en-dimensionella filter applicerade efter varandra . 

2 0 Salunda finns det ett behov av ett forfarande och 

ett mikroskop med ett bildbehandlingssystem som okar 
skarpan i en bild samtidigt som bruset begransas . 
Sammanf attning av uppfinningen 

Ett andamal med foreliggande ansokan ar att astad- 

2 5 komma ett mikroskop, vilket okar skarpan samtidigt som 
bruset begransas i en bild tagen med mikroskopet . 

Ett ytterligare andamal med foreliggande ansokan ar 
att tillhandahalla ett forfarande for upptagning och 
behandling av digitala bilder for att erhalla skarpa 

30 bilder. 

Dessa andamal - uppfyl Is med ett mikroskop och ett 
forfarande for ett sadant enligt de vidhangande patent - 
kraven . 

Ett mikroskop med bildbehandlingssystem enligt 
35 uppfinningen innefattar en obj ekthallare , optik som i ett 
bildplan skapar en bild av ett objekt placerat i objekt- 
hallaren/ och en digital bildsensor, vilken har ett antal 
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sensorelement , for registrering av bilden. Ett mikroskop 
enligt uppfinningen utmarkes av att bildsensorn och bild- 
planet ar anordnade sa att sensorelementens spatial- 
frekvens ar hogre an den maximala spat ialf rekvensen i 
5 bilden. Mikroskopet innefattar vidare atminstone ett 
berakningsorgan kopplat till bildsensorn, varvid ett 
forsta berakningsorgan ar anordnat att t illhandahalla en 
tva-dimensionell filterf unktion, vilken vasentligen har 
ett forsta varde vid spat ialf rekvensen noil, ett varde 

10 storre an noil vid en spat ialf rekvens over bildens maxi- 
mala spat ialf rekvens och ett toppvarde mellan spatial - 
f rekvensen noil och spatialf rekvensen for det andra var- 
det, att berakna ett digitalt filter som motsvarar en 
tva-dimensionell invers transform av f ilterf unkt ionen, 

15 och att filtrera en registrerad bild med det digitala 
f iltret . 

Filterf unktionen avtar mot noli for spatial - 
frekvenser over toppvardets spat ialf rekvens . 

Det forsta vardet ar f oretradesvis ett eftersom 
2 0 ingen dampning vanligtvis forekommer vid spat ialf rek- 
vensen noli. Det ar emellertid mojligt att ha en for- 
starkning aven vid spat ialf rekvensen noil i bilden. 

Sensorelementens spat ialf rekvens definieras som 
inversen av det dubbla avstandet mellan tva narliggande 
25 sensorelement . 

Foretradesvis ar mikroskopet anordnat att berakna 
ett digitalt filter da en anvandare initierar en sadan 
berakning. Alternativt ar mikroskopet anordnat att be- 
rakna ett digitalt filter varje gang en ny bild registre- 
30 ras med bildsensorn, vilket emellertid inte ger nagra 
storre fordelar. 

Genom att man anvander ett t vadimens ione lit filter 
ar det mojligt att erhalla ett rotationssymmetriskt 
resultat . Genom att sensorelementens spatialf rekvens ar 
35 hogre an den maximala spatialf rekvensen i bilden ar det 
mojligt att anvanda ett digitalt filter vilket motsvarar 
en filterf unkt ion som har ett varde skilt fran noil vid 
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frekvenser over bildens maximala spatialf rekvens . Anvand- 
ning av ett sadant digitalt filter leder till brusredu- 
cering i bilden. 

Filterf unktionen utgors enligt en alternativ ut- 
5 foringsform av en faltning av tva endimensionella filter- 
funktioner. Det digitala filtret blir da emellertid inte 
rotationssymmetriskt . 

Bildsensorn ar med fordel en halvledarsensor i form 
av exempelvis en CMOS-sensor eller en CCD (charge coupled 

10 device) som ar uppbyggd av ett antal sensorelement for- 
delade pa lika inbordes avstand. Sensorelementens spa- 
tialfrekvens ar inversen av avstandet mellan tva nar- 
liggande sensorelement . 

Bildsensorn kan emellertid vara nagon annan sorts 

15 bildsensor som exempelvis en vidicon. Det vasentliga for 
uppfinningen ar att bildsensorn har en battre upplosning 
an bildens hogsta spatialf rekvens . 

Foretradesvis har sensorelementen en spatialf rekvens 
som ar atminstone 1,5 ganger, med fordel atminstone 2 

20 ganger hogre, an den hogsta spatialf rekvensen i bilden. 

Enligt en foredragen ut foringsform av foreliggande 
uppf inning innef attar mikroskopet aven ett inmatnings- 
organ for inmatning av varden som ger information om 
filterf unktionen . 

25 Foretradesvis ar mikroskopet anordnat att gora en 

uppskattning av gransf rekvensen for optiken genom re- 
gistrering av en bild med bildsensorn. Den registrerade 
bilden Fouriertransf ormeras sa att en bild i frekvens- 
planet erhalls. Det forsta berakningsorganet beraknar 

30 utgaende fran den Fouriertransf ormerade bilden en grans- 
f rekvens . Den integrerade signalen upp till gransf rekven- 
sen utgor huvuddelen av den totala ljusenergin i bilden 
och med fordel atminstone 90%, foretradesvis minst 95%, 
av den totala ljusenergin i den transf ormerade bilden. 

3 5 Den pa det beskrivna sattet uppmatta gransf rekvensen ar 
inte densamma som den hogsta frekvens det optiska syste- 
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met slapper igenom, men ar en anvandbar uppskattning av 
den . 

Gransf rekvensen anvands vid berakningen av laget for 
f ilterf unktionens toppvarde . Det ar fordelaktigt att lata 
5 toppvardets lage bero aven pa de via inmatningsorganet 
inmatade vardena for f ilterf unktionens utseende. 

Om mikroskopet ar anordnat att uppskatta grans - 
frekvensen gors uppskattningen f oretradesvis da en 
anvandare initierar en sadan uppskattning, men alterna- 
10 tivt gors uppskattningen varje gang en ny bild registre- 
ras . 

Filterf unktionen ar med fordel strangt vaxande fram 
till gransf rekvensen och darefter strangt avtagande sk 
att filterf unktionen fram till gransf rekvensen sa langt 
15 som mojligt overensstammer med inversen av en verklig 

overf oringsf unktion. En verklig overf oringsf unkt ion ar i 
allmanhet strangt avtagande fram till den hogsta frekvens 
det optiska systemet slapper igenom. 

Det ar mojligt att inom ramen for uppfinningen ha en 

2 0 filterf unktion som varken ar strangt vaxande fram till 

gransf rekvensen eller strangt avtagande efter grans- 
f rekvensen . 

Det ar fordelaktigt att lata filterf unkt ionen vara 
kontinuerligt deriverbar eftersom detta mojliggor ett 
25 digitalt filter med mindre spatiell utstrackning och 
darmed en snabbare filtrering. 

Ovanstaende sardrag kan givetvis kombineras i samma 
ut f oringsf orm. 

For att ytterligare belysa uppfinningen kommer i det 

3 0 foljande detaljerade utf oringsf ormer av uppfinningen att 

beskrivas, utan att emellertid uppfinningen skall anses 

begransad hartill . 

Kort ritninqsbeskrivning 

Figur 1 visar en schematisk bild av ett mikroskop i 
3 5 enlighet med en utf oringsf orm av foreliggande uppf inning. 

Figur 2 visar ett blockschema over funktionen hos 
ett mikroskop enligt uppfinningen. 



PCT/SE00/01376 
2000-06-29 



6 

Figur 3 visar f ilterf unktionen som funktion av 
frekvensen i ett mikroskop enligt foreliggande upp- 
f inning . 

Figur 4 visar ett digitalt filter enligt fore- 
5 liggande uppf inning. 

Detali erad beskrivning av uppfinningen 

Fig 1 visar en schematisk bild av ett mikroskop i 
enlighet med foreliggande uppf inning. Mikroskopet har en 
ljuskalla 1, som belyser ett objekt 2, placerat pa en 

10 obj ekthallare 3. Ljus fran objektet samlas in med ett 

mikroskopobjektiv 4. En digital bildsensor 5 ar anordnad 
pa ett avstand fran mikroskopobj ekt ivet 4. Den digitala 
bildsensorn ar enligt denna foredragna utf oringsf orm en 
CCD. CCDm 5, mikroskopobj ekt ivet 4 och objektet 2 ar an- 

15 ordnade pa inbordes avstand sa att mikroskopobj ekt ivets 
bildplan sammanfaller med bildsensorns 5 yta. CCDm ar 
uppbyggd med ett stort antal sensorelement 6, vilka har 
ett inbordes avstand d. Varje bildelement motsvarar en 
punkt i en digital bild. Bildsensorn 5 ar kopplad till 

20 ett bildbehandlingsorgan 7, vilket i sin tur ar kopplat 
till en display 8 och ett inmatningsorgan i form av ett 
tangentbord 9. I bildbehandlingsorganet finns anordnat 
ett forsta berakningsorgan 24 och ett andra beraknings- 
organ 25. Mellan mikroskopobj ekt ivet 4 och CCD:n 5 finns 

25 linser 10 som anvands for att overf ora bilden till CCD:n 
5. Det optiska systemet bestaende av mikroskopobj ektivet 
4 och optiken 10 har en sammanlagd overf oringsf unkt ion 
som beskriver hur olika spat ialf rekvenser i objektet 2 
overf ors till bildplahet. Beroende pa utformningen hos 

30 obj ektivet 4 och linserna 10 overf ors olika hoga spatial - 
f rekvenser fran objektet 2. Den maximala spatialf rekvens 
som overf ors fran objektet 2 till CCD:n 5 definieras 
vanligen som det optiska systemets upplosning. Sciledes 
kommer endast strukturer som motsvarar en viss minsta 

3 5 storlek hos objektet att kunna urskiljas i bilden. Emel- 
lertid kan bildens storlek varieras genom att variera den 
inbordes placeringen av CCDm 5, mikroskopobj ekt ivet 4 
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och objektet 2. Sensorelementens spatialf rekvens defi- 
nieras som inversen av deras dubbla inbordes avstand 2d. 
Enligt uppfinningen anordnas objektet 2, mikroskop- 
objektivet 4, linserna 10 och CCD:n 5 sa att sensor- 
5 elementens spatialf rekvens ar storre an bildens maximala 
spatialf rekvens . Sensorelementens spatialf rekvens ar 
f oretradesvis 1,5 ganger storre an bildens maximala 
spatialf rekvens och med fordel atminstone tva ganger 
storre an bildens maximala spat ialf rekvens for att 

10 ' erhalla brusreducering . 

Da ett objekt 2 placeras pa obj ekthallaren 3 kommer 
en bild att registreras av bildsensorn 5. Den registrera- 
de bilden kopplas vidare till bildbehandlingsorganet 7, 
vilket behandlar bilden innan den visas pa displayen 8. 

15 Bildbehandlingen i bildbehandlingsorganet 7 paverkas av 
parametrar som matas in via tangentbordet 9 . 

I fig 2 visas ett blockschema over funktionen hos 
bildbehandlingsorganet 7. Den registrerade bilden fran 
CCD:n 5 matas in overst i figuren till block 12 och 

20 nederst i figuren till block 13. I block 13 gors en 

uppdelning i bildens f argkomponenter varefter den upp- 
delade bilden skickas vidare till block 14 for filtrering 
med ett digitalt filter. I block 12 bestams en grans - 
frekvens (co 0 ) genom att den registrerade bilden trans- 

2 5 formeras, varefter co 0 beraknas som den f rekvens under 

vilken 95% av den integrerade signalen i den transfor- 
merade bilden finns. Berakningen av co 0 kan goras varje 
gang en ny bild tages eller da en anvandare av mikro- 
skopet initierar en bestamning av co 0 • 
30 Enligt den foredragna utf oringsf ormen beraknas ett 

digitalt filter da en anvandare initierar en sadan berak- 
ning via tangentbordet 9 . 

I fig 3 visas en f ilterf unkt ion som funktion av 
frekvensen vilken beskriver en forstarkning som funktion 

3 5 av frekvensen. 

I block 15 hamtas parametrar for filtrets over- 
f oringsf unktion in fran tangentbordet eller fran ett 
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minne 23 i bildbehandlingsorganet . Exempel pa de para- 
metrar som kan hamtas in fran tangentbordet 9 vid block 
15 ar filtrets f orstarkning vid gransf rekvensen, grans- 
frekvensens lage och f ilterf unktionens utseende over 
5 respektive under gransf rekvensen . I block 16 bestams 
filtrets overf oringsf unktion 17 utgaende fran para- 
metrarna som hamtas in i block 15. Filterf unkt ionen 17 
bestams enligt: 



dar a, y och coi ar parametrar som anvandaren kan modifi- 
15 era vid inmatningsorganet 9. Parametern co 0 kan antingen 
definieras av anvandaren eller bestammas automatiskt av 
systemet och betecknar gransf rekvensen . Forstarkningen 
vid gransf rekvensen bestams av a. y och CO! bestammer hur 
snabbt filtret klingar av vid hoga frekvenser. 
20 Saledes ar filterf unkt ionen tvadimensionell och 

beroende pa beloppet av frekvensen co men oberoende av 
nagon vinkelparameter , varvid en cirkularsymmetrisk 
f unktion erhalls. 



2 5 och kan exempelvis beskrivas av ett polynom upp till 

gransvardet och ett annat polynom over gransvardet . 
Filterf unktionen 17 har vasentligen vardet 1 for frekven- 
sen noil och ett toppvarde vid gransf rekvensen (co 0 ) . 
Efter gransf rekvensen co 0 ar f unktionen avtagande . Filter- 

3 0 f unkt ionen har dock ett varde skilt fran noli over en 

frekvens som overstiger den maximala spat ialf rekvensen i 
bilden. Gransf rekvensen overensstammer huvudsakligen med 
den maximala spat ialf rekvensen i bilden. Ater med hanvis- 
ning till fig 2 gors i block 18 en tva-dimensionell in- 
3 5 vers transform av filterf unktionen som beraknades i block 
16. Den inverstransf ormerade filterf unktionen digitali- 
seras och skars av till en lamplig storlek for att utgora 



10 




Filterf unktionen kan dock ha nagot annat utseende 
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ett digitalt filter for den registrerade bilden. I block 
14 filtreras den f arguppdelade bilden tvadimensionellt 
med det digitala filtret. Darefter gors en frivillig 
granivatransf ormat ion i block 19 varefter fargerna i 
5 bilden ater satts samman i block 20. Granivatransf orma- 
tionen gors om det finns risk for att granivaerna har 
hamnat utanfor tillatna varden vid fitreringen. Efter 
bildbehandlingen visas bilden pa displayen 8 eller lagras 
i ett lagringsorgan 26. 

10 I fig 4 visas ett exempel pa ett digitalt filter 22 

som anvands i block 14. Sasom framgar av fig 4 ar filtret 
cirkularsymmetriskt runt toppen 21. Da bilden filtreras i 
block 14 multipliceras vardet i en bildpunkt med ett va- 
rde som motsvarar filtret i punkten 21 och adderas till 

15 resultatet fran mult iplikat ionerna mellan de narliggande 
bildpunkterna och motsvarande varde i filtret. 

En fackman inom omradet inser att uppfinningen ej ar 
begransad till den har visade ut f oringsf ormen utan att 
manga modif ieringar ar mojliga inom ramen for uppfinning- 

20 en. Exempelvis kan block 12 i fig 2 uteslutas och filter- 
funktionen bestammas helt med parametrar som matas in via 
tangentbordet 9. i fig 1. En fackman inser ocksa att block 
13 och 20 kan uteslutas om bilden inte ar en fargbild. 
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PATENTKRAV 

1. Mikroskop innefattande 
en objekthallare (3) , 

5 optik som i ett bildplan skapar en bild av ett 

objekt (2) som ar placerat i obj ekthallaren, 

en digital bildsensor (5) , vilken har ett antal 
sensorelement (6) , for registrering av bilden, k a n - 
netecknat av att bildsensorn och bildplanet ar 

10 sa anordnade att sensorelementens (6) spat ialf rekvens ar 
hogre an den maximala spatialf rekvensen i bilden, varvid 
mikroskopet vidare innefattar atminstone ett forsta 
berakningsorgan (24) vilket ar kopplat till bildsensorn 
(5) och vilket ar anordnat 

15 att tillhandahalla en tva-dimensionell filterfunk- 

tion, vilken vasentligen har ett forsta varde vid 
spatialf rekvensen noli, ett andra varde vilket ar skilt 
fran noli vid en spatialf rekvens over bildens maximala 
spatialf rekvens och ett toppvarde mellan spatialfrek- 

20 vensen noil och spat ialf rekvensen for det andra vardet, 
att berakna ett digitalt filter som motsvarar en 
tva-dimensionell invers Fouriertransf orm av filterfunk- 
tionen, och 

att filtrera en registrerad bild med det digitala 
25 filtret. 

2. Mikroskop enligt patentkrav 1, k a n n e - 

t e c k n a t av att det aven innefattar ett inmat- 
ningsorgan (9) kopplat till berakningsorganet for 
inmatning av varden som ger information om atminstone 

3 0 nagot av f ilterf unktionens toppvarde, toppvardets 

spatialf rekvens , f ilterf unktionen for spatialf rekvenser 
under toppvardets spatialf rekvens , eller f ilterf unktionen 
for spatialf rekvenser over toppvardets spatialf rekvens , 
varvid inmatningsorganet ar kopplat till beraknings- 

3 5 organet och de inmatade vardena anvands av beraknings- 
organet for tillhandahallande av f ilterf unktionen . 
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3. Mikroskop enligt patentkrav 1 eller 2, k a n - 
netecknat av att det aven innefattar ett andra 
berakningsorgan (25) , vilket ar kopplat till bildsensorn 
och det forsta berakningsorganet , och vilket ar anordnat 

5 att Fouriertransf ormera den registrerade bilden, 

att bestamma en gransf rekvens under vilken huvud- 
delen av ljusenergin i den transf ormerade bilden finns, 
och 

att forse det forsta berakningsorganet med grans- 
10 frekvensen som ett varde pa toppvardets lage. 

4. Mikroskop enligt patentkrav 3, k a n n e - 
tecknat av att gransf rekvensen bestams som den 
frekvens under vilken atminstone 90% av energin i bilden 
finns . 

15 5. Mikroskop enligt patentkrav 1, 2 eller 3, 

kannetecknat av att sensorelementens spatial- 
frekvens ar atminstone 1,5 ganger hogre, och foretrades- 
vis atminstone 2 ganger hogre, an den maximala spatial - 
frekvensen i bilden. 

20 6. Mikroskop enligt patentkrav 3 eller 4, kan- 

netecknat av att sensorelementens spatial - 
frekvens ar atminstone 1,5 ganger hogre, och foretrades- 
vis atminstone 2 ganger hogre, an gransf rekvensen . 

7. Mikroskop enligt nagot av foregaende patentkrav, 
25 kannetecknat av att f ilterf unkt ionen (17) ar 

kontinuerlig och strangt vaxande fran nollfrekvens till 
toppvardets lage och strangt avtagande mot noil for 
okande frekvenser fran toppvardets lage. 

8. Mikroskop enligt nagot av foregaende patentkrav, 
30 kannetecknat av att f ilterf unkt ionen utgors 

av en faltning av tva en-dimensionella f ilterf unkt ioner . 

9. Mikroskop enligt nagot av foregaende patentkrav, 
kannetecknat av att den filtrerade bilden 
lagras i ett lagringsorgan (26) . 

3 5 10. Mikroskop enligt nagot av foregaende patentkrav, 

kannetecknat av att det aven innefattar en 
display (8) pa vilken den filtrerade bilden visas. 
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11. Mikroskop enligt nagot av foregaende patentkrav, 
kannetecknat av att det forsta beraknings- 
organet ar anordnat 

att dela upp den registrerade bilden i f argkomponen- 
5 ter, och 

att tillhandhalla ett digitalt filter for var och en 
av f argkomponenterna . 

12. Mikroskop enligt nagot av foregaende patentkrav, 
kannetecknat av att det forsta vardet vasent- 

10 ligen ar ett. 

13 . Forf arande for ett mikroskop, k a n n e - 
t e c k n a t av stegen 

att anordna en bildsensor (5) som har ett flertal 
sensorelement (6), optik (4, 10) och ett objekt (2) pa 
15 inbordes avstand sa att en bild av objektet skapas pa 
bildsensorn (5) , varvid sensorelementens (6) spatial- 
frekvens ar hogre an den maximala spatialf rekvensen i 
bilden, 

att registrera bilden med bildsensorn (5) , 
20 att tillhandahalla en tva-dimensionell filter- 

funktion, vilken vasentligen har ett forsta varde vid 
spatialf rekvensen noil, ett andra varde skilt fran noli 
vid en spatialf rekvens som ar hogre an bildens maximala 
spatialf rekvens och ett toppvarde mellan spatialfrek- 
25 vensen noli och spatialf rekvensen for det andra vardet, 
att berakna ett digitalt filter som motsvarar en 
tva-dimensionell invers Fouriertransf orm av filterfunk- 
tionen, och 

att filtrera den registrerade bilden med det digi- 
30 tala filtret. 
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SAMMANDRAG 

Ett mikroskop innef attar en obj ekthallare (3) , 
optik som i ett bildplan skapar en bild av ett objekt (2) 
5 som ar placerat i obj ekthallaren, en digital bildsensor 
(5) , vilken har ett antal sensorelement (6) , for 
registrering av bilden. Bildsensorn och bildplanet ar 
anordnade sa att sensorelementens (6) spatialf rekvens ar 
hogre an den maximala spat ialf rekvensen i bilden. Mikro- 

10 skopet innefattar vidare atminstone ett forsta berak- 
ningsorgan (24) vilket ar kopplat till bildsensorn (5) 
och vilket ar anordnat att tillhandahalla en tva-dimen- 
sionell f ilterf unktion, vilken vasentligen har vardet ett 
vid spatialf rekvensen noil, ett varde storre an noli vid 

15 en spatialf rekvens over bildens maximala spatialf rekvens 
och ett toppvarde mellan namnda frekvenser, att berakna 
ett digitalt filter som motsvarar en tva-dimensionell 
invers Fouriertransf orm av f ilterf unktionen, och att 
filtrera en registrerad bild med det digitala filtret. 
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optics which in an image plane form an image of an object (2) 
which is placed in the object bolder, a digital image sensor (5) 
which has a number of sensor elements (6) for recording the 
image. The image sensor and the image plane are arranged 
in such manner that the spatial frequency of the sensor ele- 
ments (6) is higher than the maximum spatial frequency of 
the image. The microscope further comprises at least a first 
calculating means (24) which is connected to the image sen- 
sor (5) and which is adapted to provide a two-dimensional 
filter function, which essentially has the value one at the spa- 
tial frequency zero, a value higher than zero at a spatial fre- 
quency above the maximum spatial frequency of the image 
and a peak value between said frequencies, to calculate a dig- 
ital filter corresponding to a two-dimensional inverse Fourier 
transform of the filter function, and to filter a recorded image 
by means of the digital filter. 
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MICROSCOPE FILTER FOR AUTOMATIC CONTRAST ' ENHANCEMENT 



Field of the Invention 

The present invention relates to a microscope having 
an image processing system and a method for such a micro- 
scope . 

Backgrou nd of the Invention 

Microscopes are frequently provided with a camera 
for recording digital images. The digital image can then 
be processed in a number of different ways. For example, 
biological preparations are studied under a microscope 
provided with an image processing system. The image pro- 
cessing system can then be used to recognise a certain 
type of organisms or cells to be able to automatically 
determine the presence of the organism or cell in the 
specimen. 

However, it is sometimes difficult to obtain a suf- 
ficiently sharp image to be able to easily carry out 
automatic recognition and determination of a special type 
of organisms. This relates especially to small organisms 
or cells. 

For easier automatic recognition, it is possible to 
use digital filters to improve the contrast in the image 
and, thus, make it easier for the image processing system 
to automatically recognise the cells or organisms. 

A standard method of improving the contrast in an 
image is what is referred to as the High-Boost method, in 
which the image is multiplied by a factor, whereupon a 
low-pass filtered image is subtracted from the f result of 
the multiplication . 

US Patent 5,696,850 discloses a method and a system 
using an algorithm for increasing the sharpness of repro- 
duced images, the system having a digital camera and a 
reproduction device. According to the method, the trans- 
fer functions of the camera and the reproduction device 
are determined by measuring them accurately. However, the 
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measuring operation requires advanced and expensive appa- 
ratus and is carried out in one direction at a time since 
it is difficult to make a two-dimensional measurement of 
the transfer function. Besides, the measurement of the 
optical transfer function must be effected each time 
something has been changed in the optical system. Then 
the inverse Fourier transform of the two combined trans- 
fer functions is used to calculate a one-dimensional fil- 
ter. The filter is used to filter a recorded image by 
first applying the filter in one direction and subse- 
quently in a direction at right angles to the first. 

However, satisfactory results are not achieved by 
the prior art techniques. Nor is it possible to measure 
the transfer function for a microscope in the same accu- 
rate way as for a camera. 

A further problem of the method and the device ac- 
cording to the US patent is that the noise at high fre- 
quencies will be amplified in an uncontrolled manner if 
the value of the transfer function is small for high fre- 
quencies. Moreover, a satisfactory result is not achieved 
with two one-dimensional filters applied successively. 

There is thus a need for a method and a microscope 
with an image processing system which increase the sharp- 
ness of an image while at the same time the noise is re- 
stricted. 

Summary of the Invention 

An object of the present invention is to provide a 
microscope, which increases the sharpness while at the 
same time the noise is restricted in an image taken by 
means of the microscope. 

A further object of the present invention is to pro- 
vide a method for recording and processing of digital im- 
ages so as to obtain sharp images . 

These objects are achieved by a microscope and a 
method for the same according to the appended claims. 

A microscope with an image processing system accord- 
ing to the invention comprises an object holder, optics 



- WO 01/04683 



PCT/SE00/01376 



3 

which in an image plane form an image of an object placed 
in the image holder, and a digital image sensor, which 
has a number of sensor elements, for recording the image. 
A microscope according to the invention is characterised 
in that the image sensor and the image plane are arranged 
in such manner that the spatial frequency of the sensor 
elements is higher than the maximum spatial frequency of 
the image. The microscope further comprises at least one 
calculating means connected to the sensor, a first calcu- 
lating means being adapted to provide a two-dimensional 
filter function, which essentially has a first value at 
the spatial frequency zero, a value greater than zero at 
a spatial frequency above the maximum spatial frequency 
of the image and a peak value between the spatial fre- 
quency zero and the spatial frequency of the second 
value, to calculate a digital filter corresponding to a 
two-dimensional inverse transform of the filter function, 
and to filter a recorded image by means of the digital 
filter. 

The filter function decreases toward zero for spa- 
tial frequencies above the spatial frequency of the peak 
value . 

The first value is preferably one since no attenua- 
tion usually occurs at the spatial frequency zero. It is, 
however, possible to have amplification also at the spa- 
tial frequency zero in the image. 

The spatial frequency of the sensor elements is de- 
fined as the inverse of the double distance between two 
adjoining sensor elements. 

Preferably, the microscope is adapted to calculate a 
digital filter when a user initiates such calculation. 
Alternatively, the microscope is adapted to calculate a 
digital filter each time a new image is recorded by means 
of the image sensor, which, however, does not yield any 
particular advantages. 

By "using a two-dimensional filter, it is possible to 
obtain a rotationally symmetrical result. By the spatial 
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frequency of the sensor elements being higher than the 
maximum spatial frequency of the image, it is possible to 
use a digital filter, which corresponds to a filter func- 
tion which has a value different from zero at frequencies 
above the maximum spatial frequency of the image. The use 
of such a filter results in noise reduction in the image. 

According to an alternative embodiment, the filter 
function is a convolution of two one -dimensional filter 
functions. The digital filter, however, will then not be 
rotationally symmetrical . 

The image sensor is advantageously a semiconductor 
sensor in the form of, for instance, a CMOS sensor or a 
CCD (charge coupled device) which is composed of a number 
of sensor elements equidistantly spaced from each other. 
The spatial frequency of the sensor elements is the in- 
verse of the double distance between two adjoining sensor 
elements . 

However, the image sensor can be some other kind of 
image sensor such as a vidicon. What is essential for the 
invention is that the image sensor has a better resolu- 
tion than the maximum spatial frequency of the image. 

Preferably, the sensor elements have a spatial fre- 
quency which is at least 1.5 times, advantageously at 
least 2 times higher, than the maximum spatial frequency 
of the image . 

According to a preferred embodiment of the present 
invention, the microscope also comprises an input means 
for inputting values providing information about the fil- 
ter function. 

Preferably, the microscope is adapted to make an es- 
timate of the limit frequency of the optics by recording 
an image by means of the image sensor. The recorded image 
is Fourier-transformed so that an image in the frequency 
plane is obtained. The first calculating means calculates 
on the basis of the Fourier- transformed image a limit 
frequency. The integrated signal up to the limit fre- 
quency is the major part of the total light energy of the 
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image and advantageously at least 90%, preferably at 
least 95% , of the total light energy in the transformed 
image. The limit frequency measured in the manner de- 
scribed is not the same as the maximum frequency which 
the optical system lets through, but is a usable estimate 
thereof . 

The limit frequency is used to calculate the posi- 
tion of the peak value of the filter function. It is ad- 
vantageous to let the position of the peak value depend 
also on the values of the appearance of the filter func- 
tion, which are inputted with the aid of the input means. 

If the microscope is adapted to estimate the limit 
frequency, the estimate is preferably made when a user 
initiates such an estimate, but alternatively the esti- 
mate is made each time a new image is recorded. 

The filter function is advantageously strictly in- 
creasing up to the limit frequency and subsequently 
strictly decreasing so that the filter function up to the 
limit frequency conforms as far as possible with the in- 
verse of an actual transfer function. As a rule, an ac- 
tual transfer function is strictly decreasing up to the 
maximum frequency which the optical system lets through. 

It is possible within the scope of the invention to 
have a filter function which is neither strictly increas- 
ing up to the limit frequency nor strictly decreasing af- 
ter the limit frequency. 

It is advantageous to let the filter function be 
continuously derivable since this allows a digital filter 
having a smaller spatial extent and, thus, a more rapid 
filtration. 

It goes without saying that the above features can 
be combined in the same embodiment . 

In order to further illustrate the invention, de- 
tailed embodiments thereof will now be described, without 
the invention being considered to be restricted thereto. 
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Brief Description of the Drawings 

Fig. 1 is a schematic view of a microscope according 
to an embodiment of the present invention. 

Fig. 2 is a block diagram of the function of a 
microscope according to the invention. 

Fig. 3 illustrates the filter function as a function 
of the frequency in a microscope according to the present 
invention . 

Fig. 4 shows a digital filter according to the pres- 
ent invention. 

Detailed Description of the Invention 

Fig. 1 is a schematic view of a microscope according 
to the present invention. The microscope has a source of 
light 1, which illuminates an object 2 placed on an ob- 
ject holder 3. Light from the object is collected with a 
microscope objective 4. A digital image sensor is ar- 
ranged at a distance from the microscope objective 4. Ac- 
cording to this preferred embodiment, the digital image 
sensor is a CCD. The CCD 5, the microscope objective 4 
and the object 2 are arranged in a spaced- apart relation- 
ship so that the image plane of the microscope objective 
coincides with the surface of the image sensor 5 . The CCD 
is formed with a large number of sensor elements 6 which 
are mutually spaced apart a distance d. Each picture ele- 
ment corresponds to a pixel in a digital image. The image 
sensor 5 is connected to an image processing means 7, 
which in turn is connected to a display 8 and an input 
means in the form of a keyboard 9. In the image process- 
ing means, a first calculating means 24 and a second cal- 
culating means 2 5 are arranged. Between the microscope 
objective 4 and the CCD 5, lenses 10 are arranged to 
transfer the image to the CCD 5. The optical system con- 
sisting of the microscope objective 4 and the lenses 10 
has a combined transfer function which describes how dif- 
ferent spatial frequencies of the object 2 are trans- 
ferred to the image plane. Depending on the design of the 
objective 4 and the lenses 10, spatial frequencies of 



WO 01/04683 



PCT/SE00/01376 



7 



different degrees are transferred from the object 2. The 
maximum spatial frequency that is transferred from the 
object 2 to the CCD 5 is usually defined as the resolu- 
tion of the optical system. Thus only structures corre- 
sponding to a certain minimum size of the object will be 
distinguished in the image. The size of the image, how- 
ever, may vary by varying the mutual arrangement of the 
CCD 5, the microscope objective 4 and the object 2. The 
spatial frequency of the sensor elements is defined as 
the inverse of their double mutual distance 2d. According 
to the invention, the object 2, the microscope objective 
4, the lenses 10 and the CCD 5 are arranged so that the 
spatial frequency of the sensor elements is higher than 
the maximum spatial frequency of the image. The spatial 
frequency of the sensor elements is preferably 1.5 times 
higher than the maximum spatial frequency of the image 
and advantageously at least 2 times higher than the maxi- 
mum spatial frequency of the image in order to obtain a 
reduction of noise. 

When an object 2 is placed on the object holder 3, 
an image will be recorded by the image sensor 5. The re- 
corded image is transferred to the image processing means 
7, which processes the image before it is shown on the 
display 8. The image processing in the image processing 
means 7 is affected by parameters which are inputted via 
the keyboard 9 . 

Fig. 2 is a block diagram of the function of the 
image processing means 7. The recorded image from the CCD 
5 is inputted at the top of the figure to block 12 and at 
the bottom of the figure to block 13. In block 13, a di- 
vision into the colour components of the image is made, 
whereupon the divided image is transferred to block 14 
for filtration by means of a digital filter. In block 12, 
a limit frequency (co 0 ) is determined by the recorded 
image being transformed, whereupon co 0 is calculated as 
the frequency below which 95% of the integrated signal in 
the transformed image is present. The calculation of co 0 
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can be carried out each time a new picture is taken or 
when a user of the microscope initiates a determination 
of co 0 - 

According to the preferred embodiment, a digital 
filter is calculated when a user initiates such a calcu- 
lation via the keyboard 9. 

Fig. 3 shows a filter function as a function of the 
frequency which describes an amplification as a function 
of the frequency. 

In block 15, parameters for the transfer function of 
the filter are fetched from the keyboard or from a memory 
23 in the image processing means. Examples of the para- 
meters that can be fetched from the keyboard 9 in block 
15 are the amplification of the filter at the limit fre- 
quency, the position of the limit frequency and the ap- 
pearance of the filter function above and below the limit 
frequency. In block 16, the transfer function 17 of the 
filter is determined on the basis of the parameters that 
are fetched into block 15. The filter function 17 is de- 
termined as follows: 



wherein a, y and cox are parameters which the user can 
modify in the input means 9. The parameter co 0 can either 
be defined by the user or be determined automatically by 
the system and indicates the limit frequency. The ampli- 
fication at the limit frequency is determined by a. y and 
o>i determine how rapidly the filter fades away at high 
frequencies . 

Thus, the filter function is two-dimensional and de- 
pendent on the sum of the frequency co but independent of 
an angular parameter, a circular symmetrical function be- 
ing obtained. 

The filter function, however, may have a different 
appearance and can, for instance, be described by one 



' e (y/ t Jo) , 6 j cj < cJ, 
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polynomial up to the limit value and another polynomial 
above the limit value. The filter function 17 has essen- 
tially the value 1 for the frequency zero and a peak 
value at the limit frequency (a> 0 ) - After the limit fre- 
quency a> 0 / the function decreases. The filter function 
has, however, a value different from zero above a fre- 
quency exceeding the maximum spatial frequency of the 
image. The limit frequency essentially conforms to the 
maximum spatial frequency of the image. Once more with 
reference to Fig. 2, there is made in block 18 a two- 
dimensional inverse transform of the filter function 
which was calculated in block 16. The inverse- transformed 
filter function is digitised and cut off to a suitable 
size to constitute a digital filter for the recorded 
image . In block 14 , the image of which the colours have 
been divided is filtered two-dimensionally by means of 
the digital filter. Subsequently, a voluntary grey-level 
transformation is made in block 19, whereupon the colours 
in the image are again put together in block 20. The 
grey- level transformation is carried out if there is a 
risk that the grey levels have reached outside permis- 
sible values in the filtration. After the processing of 
the image, the image is shown on the display 8 or stored 
in a storage means 26. 

Fig. 4 illustrates an example of a digital filter 22 
which is used in block 14. As is evident from Fig. 4, the 
filter is circular symmetrical around the top 21. When 
the image is filtered in block 14, the value in a pixel 
is multiplied by a value corresponding to the filter at 
the top 21 and added to the result of the multiplications 
between the adjoining pixels and a corresponding value in 
the filter. 

A person skilled in the art realises that the inven- 
tion is not limited to the embodiment shown and that many 
modifications are feasible within the scope of the inven- 
tion. For example, block 12 in Fig. 2 can be omitted and 
the filter function be determined entirely by means of 
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parameters that are inputted via the keyboard 9 in 
Fig. 1. A person skilled in the art also realises that 
blocks 13 and 20 can be omitted if the image is not a 
colour image . 
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CLAIMS 

1. A microscope comprising 
an object holder (3), 

optics which in an image plane form an image of an 
object (2) which is placed in the object holder, and 
5 a digital image sensor (5) , which has a number of 

sensor elements (6) for recording the image, char- 
acterised in that the image sensor and the image 
plane are arranged in such manner that the spatial fre- 
quency of the sensor elements (6) is higher than the 
10 maximum spatial frequency of the image, the microscope 
further comprising at least a first calculating means 
(24) which is connected to the image sensor (5) and which 
is adapted 

to provide a two-dimensional filter function, which 
15 essentially has a first value at the spatial frequency 
zero, a second value which is different from zero at a 
spatial frequency above the maximum spatial frequency of 
the image and a peak value between the spatial frequency 
zero and the spatial frequency of the second value, 
20 to calculate a digital filter which corresponds to a 

two-dimensional inverse Fourier transform of the filter 
function, and 

to filter a recorded image by means of the digital 
filter. 

25 2. A microscope as claimed in claim 1, char- 

acterised in that it also comprises an input 
means (9) connected to the calculating means for input- 
ting values which provide information about at least one 
of the peak value of the filter function, the spatial 

30 frequency of the peak value, the filter function for spa- 
tial frequencies below the spatial frequency of the peak 
value, or the filter function for spatial frequencies 
above the spatial frequency of the peak value, the input- 
ting means being connected to the calculating means and 
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the inputted values being used by the calculating means 
to provide the filter function. 

3. A microscope as claimed in claim 1 or 2, 
characterised in that it also comprises a 
5 second calculating means (25) , which is connected to the 
image sensor and the first calculating means, and which 
is adapted 

to Fourier transform the recorded image, 

to determine a limit frequency below which the major 
10 part of the light energy of the transformed image is to 
be found, and 

to provide the first calculating means with the 
limit frequency as a value of the position of the peak 
value . 

15 4. A microscope as claimed in claim 3, char- 

acterised in that the limit frequency is deter- 
mined as the frequency below which at least 90% of the 
energy in the image is to be found. 

5. A microscope as claimed in claim 1, 2 or 3, 

20 characterised in that the spatial frequency 
of the sensor elements is at least 1.5 times higher, and 
preferably at least 2 times higher, than the maximum spa- 
tial frequency of the image. 

6. A microscope as claimed in claim 3 or 4, 

25 characterised in that the spatial frequency 
of the sensor elements is at least 1.5 times higher, and 
preferably at least 2 times higher, than the limit fre- 
quency . 

7 . A microscope as claimed in any one of the preced- 
30 ing claims, characterised in that the filter 

function (17) is continuous and strictly growing from 
zero frequency to the position of the peak value and 
strictly increasing toward zero for increasing frequen- 
cies from the position of the peak value. 
35 8. A microscope-as claimed in any one of the preced- 

ing claims, characterised in that the filter 
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function is a convolution of two one-dimensional filter 
functions . 

9. A microscope as claimed in any one of the preced- 
ing claims, characterised in that the fil- 

5 tered image is stored in a storage means (26) . 

10. A microscope as claimed in any one of the pre- 
ceding claims, characterised in that it also 
comprises a display (8) on which the filtered image is 
shown. 

10 11. A microscope as claimed in any one of the pre- 

ceding claims, characterised in that the 
first calculating means is adapted 

to divide the recorded image into colour components, 

and 

15 to provide a digital filter for each of the colour 

components . 

12. A microscope as claimed in any one of the pre- 
ceding claims, characterised in that the 
first value essentially is one. 
20 13. A method for a microscope, character- 

ised by the steps of 

arranging an image sensor (5) which has a plurality 
of sensor elements (6), optics (4, 10) and an object (2) 
at a mutual distance from each other, so that an image of 
25 the object is formed on the image sensor (5) , the spatial 
frequency of the sensor elements (6) being higher than 
the maximum spatial frequency of the image, 

recording the image by means of the image sensor 

(5) , 

30 providing a two-dimensional filter function, which 

essentially has a first value at the spatial frequency 
zero, a second value different from zero at a spatial 
frequency which is higher than the maximum spatial fre- 
quency of the image and a peak value between the spatial 

3 5 frequency zero and the spatial frequency of the second 
value, 
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calculating a digital filter which corresponds to a 
two-dimensional inverse Fourier transform of the filter 
function, and 

filtering the recorded image by means of the digital 
5 filter. 
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